Introduction
Prompt recognition of cardiac tamponade is critical since the underlying haemodynamic disorder can lead to death if not resolved by percutaneous or surgical drainage of the pericardium. Cardiac tamponade is a condition caused by the compression of the heart due to slow or rapid accumulation of fluid (exudate), pus, blood, clots, or gas within the pericardial space resulting in impaired diastolic filling and cardiac output due to increased intrapericardial pressure. 1 -3 Pericardial diseases of any aetiology may cause cardiac tamponade, but with highly variable incidence reflecting the local epidemiological background ( Table 1) . 3 -6 However, all interventional procedures (i.e. percutaneous coronary intervention, transcatheter aortic valve implantation, pacemaker/implantable cardioverter defibrillator implantation, arrhythmias ablation, endomyocardial biopsy) are emerging causes of cardiac tamponade. 7 Although rare, cardiac tamponade may also occur in pregnancy and in post-partum. 8, 9 Thus cardiologists should be aware of this possibility including specific contraindications for pregnancy (i.e. avoid the use of colchicine and X-ray exposure using echo-guided procedure). 13, 14 Management of cardiac tamponade can be challenging because of the lack of the validated criteria for the risk stratification that should guide clinicians in the decision-making process: (i) which patients need immediate drainage of the pericardial effusion? (ii) Is echocardiography sufficient for guidance of pericardiocentesis or
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should patient be taken to the cardiac catheterization laboratory? (iii) Who should be transferred to specialized/tertiary institution or surgical service? (iv) What type of medical support is necessary during transportation?
Current European guidelines published in 2004 by the European Society of Cardiology 3 do not cover these issues and no additional guidelines are available from major medical and Cardiology societies. Therefore, the aim of this position statement is to provide updated, evidence-based recommendations, when available, for triage and clinical management of patients with cardiac tamponade.
Clinical diagnosis
Cardiac tamponade includes a haemodynamic spectrum ranging from incipient or preclinical tamponade (pericardial pressure equals right atrial pressure but it is lower than left atrial pressure)
to haemodynamic shock with significant reduction of stroke volume, blood pressure, and evident pulsus paradoxus (when pericardial pressure is higher than 10-12 mmHg and in the presence of compression of right heart chambers). 1 -3 A detailed discussion on diagnostic issues, differential diagnosis, and available pertinent literature for this condition is included in Supplementary material online, file.
Recommendation (clinical diagnosis)
(1) Cardiac tamponade should be suspected in patients presenting with hypotension, jugular venous distension, pulsus paradoxus, tachycardia, tachypnea, and/or severe dyspnoea; (2) Additional signs may include low QRS voltages, electrical alternans, enlarged cardiac silhouette on chest X-ray.
Recommendation (imaging)
(1) Echocardiography is the diagnostic method of choice in suspected cardiac tamponade and should be carried out without delay. (2) CT and CMR are not part of the routine evaluation of patients with suspected cardiac tamponade; they are useful to rule out concomitant diseases involving the mediastinum and lungs in patients with large pericardial effusions (i.e. cancer or aortic dissection).
Recommendation (differential diagnosis)
(1) Differential diagnosis should include constrictive pericarditis, congestive heart failure, and advanced liver disease with cirrhosis.
Scoring system, triage, and management of cardiac tamponade
Immediate drainage of pericardial effusion in cardiac tamponade: indications, contraindications, and the scoring system Urgent pericardiocentesis or drainage of pericardial effusion is indicated for each patient with established diagnosis of cardiac tamponade and haemodynamic shock. The decision to drain an effusion and to do it immediately, urgently, or schedule the procedure electively must take into account the clinical presentation, changes in the haemodynamic status over time (in the range of several minutes to several hours depending on the aetiology), the risk-benefit ratio of the procedure, and the echocardiographic findings. Aortic dissection and post-infarction rupture of the free wall are indications for urgent surgical drainage that should not be delayed in any way by pericardiocentesis (percutaneous drainage of pericardial effusion). 4 If the surgical management of the aortic dissection is not promptly available or the patient is too unstable to survive the transfer to surgery, pericardiocentesis and controlled pericardial drainage of very small amounts of the hemopericardium can be attempted to temporarily stabilize the patient. 10 Pericardiocentesis is especially recommended when a purulent, tuberculous, or neoplastic pericarditis is suspected, or in patients, who remain symptomatic, despite medical treatment. 3 one-third) during the follow-up of large effusions (.20 mm) without cardiac tamponade, 13 planning elective drainage is reasonable in such patients. Pericardial drainage may not be necessary when the effusion is larger, there is no haemodynamic impairment, and it resolves spontaneously or under anti-inflammatory treatment. 3, 11, 12 Since cardiac tamponade can develop slowly, and the symptoms and signs are neither highly sensitive nor specific, Halpern et al. 14 introduced a scoring index to guide the decision for pericardial drainage, based on effusion size, echocardiographic assessment of haemodynamics, and clinical factors. On the basis of currently available data, and the consensus of experts, we propose a new stepwise scoring system for the triage of patients requiring pericardiocentesis ( Figure 1 ). The scoring system should be applied for the triage cardiac tamponade without haemodynamic shock, where immediate pericardiocentesis is mandatory and life-saving.
Recommendation (indication for drainage)
(1) Pericardial drainage is indicated for each case with established diagnosis of cardiac tamponade. If the patient is haemodynamically stable, the procedure should be performed within 12-24 h from diagnosis, after obtaining laboratory results including the blood counts. (2) Indications for urgent surgical treatment of cardiac tamponade include hemopericardium due to type A aortic dissection, ventricular free wall rupture in acute myocardial infarction, trauma, or purulent effusion in unstable septic patients, and loculated effusions that cannot be managed percutaneously. (3) In patients with cardiac tamponade, a stepwise scoring system may be useful for the triage of patients ( Figure 1) . A total score ≥6 warrants immediate pericardiocentesis in the absence of contraindications. In rapidly deteriorating patients with iatrogenic hemopericardium or any other very unstable patient, pericardial drainage should be performed without any delay for laboratory tests but treating anticoagulation (protamine), prolonged INR (fresh frozen plasma), and/or anaemia (plasma-free blood transfusion) simultaneously with the drainage of the pericardium.
Indications to transfer the patients to a specialized or tertiary institution
If cardiac tamponade is diagnosed in a local hospital or primary care facility with limited experience in the drainage of pericardial effusion or in the presence of any of the contraindications (uncorrected coagulopathy, ongoing anticoagulant therapy with INR . 1.5, thrombocytopaenia ,50 000/mm 3 , small, posterior, and/or loculated effusions), and the patient is clinically stable to allow pericardiocentesis be delayed, the patient should be promptly transferred to a specialized institution accompanied by a physician. During the transportation, the patient should be protected from heat and dehydratation, and spared from any unnecessary stress. ECG and blood pressure monitoring should be performed throughout the transfer time. If the patient is clinically unstable and pericardiocentesis cannot be delayed, then emergency pericardiocentesis becomes a life-saving procedure and should be performed under echo guidance.
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Selection of the percutaneous vs. surgical technique, in the absence of specific indications for surgery
If the pericardial effusion cannot be reached by a needle or a catheter, surgical drainage is required, usually through a subcostal incision. Furthermore, surgical drainage is desirable in patients with purulent pericardial fluid, intrapericardial bleeding, and in those with clotted hemopericardium or thoracic conditions that make pericardiocentesis difficult or ineffective. Open surgical drainage has the additional benefit of resecting a portion of the pericardium for histological examination, breaking up loculations, evacuation of haematoma, and placing a large drainage tube, which is especially important in purulent pericarditis. 4 Limited data are available on the comparison between the two techniques. The disadvantages of the open surgical procedures remain general anaesthesia (risk of sudden hypotension in patients with large effusions/cardiac tamponade), a need to perform a 6-to 8-cm vertical incision in the upper abdomen as well as to resect the xiphoid process in some cases. The advantage of the open surgical procedure over pericardiocentesis in enabling large pericardial samples for pathohistological examination is currently reduced by the introduction of pericardial and epicardial biopsy using flexible percutaneous pericardioscopy. 16, 17 Approach and the guidance for pericardiocentesis Pericardiocentesis was performed for decades as a 'blind' procedure, almost exclusively from the subxiphoid area, which remained the most frequently used method. Currently however, echocardiography is widely available and except in very rare urgent cases with clear diagnosis (e.g. complications of interventional procedures), pericardiocentesis should not be attempted without echocardiographic guidance. Echocardiography should identify distribution and size of the effusion. The most useful location for pericardiocentesis is the one closest to the largest amount of the effusion, and therefore echocardiography identifies the most suitable approach for pericardiocentesis (in most patients subxiphoid or apical). Nowadays, pericardiocentesis should not be performed as a blind procedure. 15 Urgent pericardiocentesis can be safely and successfully performed as a simple echo-guided procedure or the patient can be taken to the catheterization laboratory and fluoroscopy (real-time) guidance be added to the orientation initially obtained by echocardiography (Supplementary material online, Movies S3 and S4). Depending on the distribution of the effusion, it can be drained percutaneously using the intercostal (apical) or subxyphoid approach or surgically in the presence of massive adhesions or contraindications for pericardiocentesis. A pig-tail catheter should be inserted for drainage of the effusion; if this tool is not available in an emergency setting, a standard 7F central venous catheter can be used. Recently, Huang et al. 18 emphasized the importance of early diagnosis and rescue pericardiocentesis for acute cardiac tamponade during radiofrequency ablation, using the fluoroscopic heart silhouette characteristics associated with cardiac tamponade and fluoroscopy-guided pericardiocentesis.
Recommendation (guidance for pericardiocentesis)
(1) Echocardiography is mandatory to guide pericardiocentesis and select the approach (intercostal vs. subxiphoid), except in case of life-threatening tamponade.
(2) Fluoroscopy can be considered for early diagnosis and rescue pericardiocentesis especially for iatrogenic effusions after specific interventional techniques (i.e. radiofrequency ablation, other percutaneous interventions), although echocardiography should be immediately available as well.
How to prevent complications
Utilization of echocardiography with or without additional fluoroscopy is mandatory for safe and successful pericardiocentesis. During the procedure, the injection of agitated saline solution with a small amount of air microbubbles in the pericardial sac can confirm the correct placement of the catheter. When a cardiac chamber is perforated, the perforating catheter should not be removed until the fluid is drained and the pericardial sac is secured with another catheter in case the perforation can cause increased bleeding into the pericardium. 16 Depending on the type, size, and location of the cardiac lesion, if percutaneous puncture and drainage are successful, the perforating catheter can be withdrawn and surgery avoided by prompt drainage and autotransfusion of pericardial blood. However, if the patient is still unstable, surgical repair should not be further deferred. Even in medical emergencies, strict aseptic and antiseptic conditions have to be maintained during pericardiocentesis. The routine part of the preparation for the procedure should include, whenever possible, a basic laboratory screen, especially taking care of the coagulation status. In the presence of severe coagulation disorders, pericardiocentesis has to be postponed until sufficient blood for transfusion, platelets, or coagulation factors are provided.
Although pericardiocentesis is usually well-tolerated, pulmonary oedema, circulatory collapse, and acute RV and LV dysfunction have been reported after drainage. Vagal reactions are also possible complications that may require prompt treatment with i.v. atropine and fluids. Large volume pericardiocentesis can be followed by transient severe acute LV systolic failure in the absence of any prior history of LV dysfunction. During pericardiocentesis, rapid evacuation of more than 1 L effusion should be avoided and prolonged catheter drainage may be considered until pericardial fluid return is ,20-30 mL/day. 3, 19 All patients, especially those with underlying cardiac disease, including myocarditis, should be monitored for postdrainage decompensation.
The most serious complications of pericardiocentesis are the laceration and perforation of the myocardium and the coronary vessels. In order to prevent laceration, no lateral movements of the needle should be made while approaching the effusion. As soon as the tip of the needle is in the pericardial space, a soft-tip J guidewire should be promptly inserted. In addition, patients can experience air embolism, pneumothorax, arrhythmias (usually vasovagal bradycardia), and puncture of the peritoneal cavity or abdominal viscera.
Internal mammary artery fistulas, acute pulmonary oedema, and purulent pericarditis have been also reported. 16 In the Marburg experience of pericardiocentesis performed under fluoroscopic control (n ¼ 234 patients), there was no mortality and the incidence of major complications was significantly reduced by using the epicardial halo phenomenon and the tangential approach in the lateral view. Major complications included three cases (1.3%) of cardiac perforation or arterial bleeding (none requiring surgery but all could be solved by autotransfusion), one major vagal reaction (0.4%), but no pneumothorax. 17 Prolonged drainage of the effusion and prevention of recurrences 
Recommendation (prolonged drainage)
(1) Drainage of more than 1 L effusion from the pericardial space should be avoided and prolonged catheter drainage should be provided for the remaining effusion. (2) Prolonged pericardial drainage can be discussed in selected cases, especially for the management of neoplastic effusions, in order to prevent recurrence of tamponade.
Recommendations for training
Pericardial drainage is a technically demanding and potentially dangerous procedure that should be routinely performed only by skilled physicians. Emergency pericardiocentesis is a life-saving procedure and each cardiologist working in hospitals, especially with Figure 1 A proposed three-step scoring system for the triage of patients requiring urgent percutaneous or surgical drainage of pericardial effusion.
Diagnosis of cardiac tamponade is based on the integration of clinical symptoms, signs, and echo findings. Total score ≥6 indicates urgent pericardiocentesis in the absence of contraindications. Urgent surgical treatment of cardiac tamponade is recommended, regardless of the score, in type A aortic dissection, ventricular free wall rupture after acute myocardial infarction, severe recent chest trauma, and iatrogenic hemopericardium when the bleeding cannot be controlled percutaneously. PE, pericardial effusion; SBP, systolic blood pressure; HR, heart rate; IVC, inferior caval vein. 1 An optional shortcut through the scoring system for the areas of the world with endemic tuberculosis has been previously proposed (64). In this setting, urgent pericardiocentesis is recommended if the following clinical and echo criteria are met: (1) heart rate . 90 bpm, (2) systolic blood pressure ,100 mmHg, (3) pulsus paradoxus, (4) jugular venous pressure .4 cm plus echo confirmation of circumferential pericardial effusion measuring .1 cm anterior to the right ventricle in the subcostal view and any of the following echo criteria: (a) swinging heart, (b) RV or LV diastolic collapse, (c) .25% variation in mitral and tricuspid flow velocities with respiration. 2 Radiotherapy involving the mediastinal area. 3 Terminal renal failure regardless of the dialysis. 4 Scores 4 -12 in step 3 are obtained during echocardiography. 5 Pericardial effusion .1 cm in diastole in the first week after a large acute myocardial infarction. 6 In the absence of uncorrected coagulopathy, anticoagulant therapy with INR . 1.5, thrombocytopaenia ,50 000/mm 3 , small, posterior, and loculated effusions, or effusions resolving under anti-inflammatory treatment.
Triage strategy for urgent management of cardiac tamponade
